Objective: To assess, the oxidative stress (by assessing lipid peroxidation) and total antioxidant status, in epileptic patients on different antiepileptic monotherapy (carbamazepine (CBZ), valproic acid (VPA) or Phenobarbital (PhB)),in comparison with the control. Methods: This case-control study was conducted in the department of pharmacology-College of Medicine -University of Mosul from the 1 st of June 2005 to the 15 th of June 2006. A total of seventy four epileptic patients, on different antiepileptic monotherapy were included 38 on carbamazepine, 23 on valproic acid and 13 on phenobarbital, with 40 apparently healthy subjects as a control group for patients on carbamazepine or valproic acid and with 15 healthy children as a control group for patients on phenobarbital. For each patient and control subject, serum malondialdehyde (MDA) which reflects the lipid peroxidation, and total antioxidant status (TAS) were measured. Results: There was a significant increase in serum MAD level and a significant decrease in serum TAS level in epileptic patients on different antiepileptic monotherapy (CBZ, VPA and PhB).
Those who met the criteria include, 38 patients on CBZ monotherapy: they were 28 males and 10 females with a mean ± SD age of 30.02+7.73 years (ranged between 18 and 45 years), with a mean +SD duration of illness of 6.47+3.30 year (ranged between 1 and 12 years). The mean +SD duration of treatment with CBZ of 4.21 +3.09 years (ranged between 1 and 12 years). They were on CBZ in a daily dose of 600mg in three divided doses.
Twenty three patients on VPA monotherapy were also included. They were 20 males and 3 females, with a mean +SD age of 28+7.34 years (ranged between 18 and 45 years), with a mean ± SD duration of illness of 5.82+3.92 year (ranged between 1 and 15 years) and a mean + SD duration of treatment with VPA monotherapy of 3.91+2.96 years (ranged between 1 and 10 years). They were on VPA monotherapy in a daily dose of 400 mg in 2 divided doses.
Thirteen epileptic patients on PhB. monotherapy were also included. They were 10 males and 3 females, with a mean ±SD age of 11.07+2.13 year (ranged between 9 and 15 years), with a mean ±SD duration of illness of 2.30+1.31 years (ranged between 1 and 5 years) and a mean +SD duration of monotherapy of 2+1.15 years (ranged between 1 and 5 years).
he mean daily dose of 129.23+22.53 mg and ranged between 120 and 180 mg daily.
Control sample was divided into two groups 1. Group 1:
Included 40 apparently healthy subjects. They were 31 males and 9 females with a mean + SD age of 29.72+7.33 year (ranged between 18 and 45 year) taken as a control group for patients on CBZ or VPA monotherapy .
Group 2:
Included 15 apparently healthy children. They were 12 males and 3 females with a mean + SD age of 10.73+2.31 year ( ranged between 7 and 15 year ) taken as a control group for patients on PhB monotherapy.
Concentration of serum MDA was measured by the method of Buege AND Aust (1978) (5) . Measurement of serum total antioxidant status (TAS): Peroxidase /H2O2 /ABTS colorimetric assay (6) , using a kit purchased from Rondox Company UK. Data analysis were made using standard statistical method to determine the mean, standard deviation (SD) and the range. Unpaired Z-test and unpaired t-test were needed to compare the results of various parameters among antiepileptic cases and controls. Linear regression analysis; (Pearson's correlation coefficient (r)) was performed to assess the degree of association between different parameters.
Results:
There was a highly significant difference in the mean serum level of MDA between patients on CBZ and the control group (p< 0.001). A highly significant difference in the mean serum level of TAS (P<0.001) was found (Table1). There was a highly significant difference in the mean serum level of MDA and TAS between patients on VPA and the control group (p< 0.001; p< 0.001, respectively) ( Table 2 ). There was a highly significant difference in the mean serum level of MDA and TAS between patients on PhB and the control group (p< 0.001; p= 0.001, respectively) ( Table 3) . Comparing the serum levels of MDA and TAS in patients on different antiepileptic drugs, there was a significant difference (p< 0.05) between serum levels of MDA in patients on VPA and its level in patients on CBZ or PhB monotherapy. A significant difference was found between patients on CBZ monotherapy and those on VPA or Ph B, with regard to serum TAS level (Table 4) There was a poor correlation between serum MDA level and age of patients on Ph B monotherapy (r=0.18; p>0.05). With a significant correlation existing between serum level of TAS and age of the patients (r=0.64; p<0.05) (figure 1). A significant correlation was found between MDA and the duration of illness (r= 0.57; p<0.05) (figure 2).A poor correlation between serum level of TAS and duration of illness existed (r=0.31, p>0.05). A significant correlation was found between serum level of MDA and the duration of therapy with PhB monotherapy (r= 0.61, p<0.05) (figure 3), while a poor correlation between serum level of TAS serum level and duration of therapy (r=0.32, p>0.05). TAS (µmol/l) 1.58 ± 0.14 1.17 ± 0.26 <0.001 Table( 1) Comparison of studied parameters between control and patients on CBZ therapy. Table( 2) Comparison of studied parameters between control and patients on VPA therapy. Table ( 3) Comparison of studied parameters between control and patients on PhB therapy 
Discussion:
Lipid peroxidation is a chain of reactions providing a continuous supply of free radicals (7) and the end products of these reactions are MDA, ethane and pentane (8) . MDA is most widely used in clinical laboratories to monitor oxidative stress and as an index of lipid peroxidation (9) . In living systems and aerobic organisms, a complex antioxidant mechanism has been evoked to protect against free radical damage (10) . These antioxidants act together in concert to form an integrated antioxidant system (11) , which can be classified as primary antioxidant act by preventing the formation of reactive radicals, in this class, albumin, ferritin, myoglobin and ceruloplasmin (12) . Secondary antioxidants which act by scavenging the free radicals which already formed these cellular defense mechanisms consist of enzymatic (superoxide dismutase, glutathione peroxidase and glutathione reductase) (13) and non-enzymatic entities such as ascorbate, tocopherol, glutathione, uric acid, carotenoids and flavonoids (12) . The tertiary antioxidants, act by removing or repairing, damaged tissues (11) . The mechanisms of epileptogenesis are not well established. Several studies in the last few years suggested that the body electrolytes, level of some trace elements and membrane lipid peroxidation due to increase in free radicals or decrease in activities of antioxidant defense mechanisms may be causally involved in some forms of epilepsies and also increase the recurrence of seizures (14, 15) . Moreover, some antiepileptic drugs may alter free radical scavenging enzyme activities in humans and experimental animals (15, 16) . This study, demonstrated a significant increase in the serum level of MDA and a significant decrease in the serum level of TAS in all epileptic patients receiving different antiepileptic monotherapy (CBZ, VPA and PhB). This might be attributed to excess generation of metabolites, with increased body burden of free radicals added to the burden in the reported study. Mahle and Dasgupta (1997) reported that serum level of MDA in epileptic patients on phenytoin or CBZ monotherapy was significantly higher and glutathione level (representing a secondary antioxidant) was significantly lower in comparison with the control (17) .
Ono et al (2000), concluded that some anticonvulsants (CBZ and phenytoin) can lower plasma total glutathione, reflecting treatment related oxidative stress, while its level did not differ significantly in patients treated with VPA or Ph B in comparison with controls (18) . Yuksel and his collegues reported in 2001 that the antioxidant systems of children with epilepsy on VPA were more significantly affected than these patients on CBZ (19) . Solowiej and Sobaniec (2003) reported that serum level of MDA was significantly elevated in all epileptic patients receiving both VPA monotherapy and polytherapy, while the rise was not significant in newly diagnosed and in CBZ monotherapy (20) . Two recent studies were conducted in 2004; the first one, carried out by Murtinenz-Ballesteros et al, they reported that there was an increased evidence of vulnerability to lipid peroxidation in adult epileptic patients on VPA (21) . The other was conducted by Bolayir et al, who studied the effects of oxcarbazepine on oxidative stress status in epileptic patients. They concluded that the value of serum MDA significantly differed from the normal subjects and pretreatment patients and that the antioxidant system of epileptic patients receiving oxcarbazepine, was significantly affected (22) . All published studies, regarding antioxidant status (with the exception of Mahle and Dasgapta, 1997) determine, the antioxidant status of human body by measuring antioxidant components of human separately. This study reflects the antioxidant status of human body (patients and controls), by measuring TAS serum level which can be regarded better in that, the total activity may be greater than the sum of the individual antioxidant because of cooperative interaction (23) . With the exception of PhB, this study revealed insignificant correlation between MDA and TAS serum level in epileptic patients, with the age of the patient, duration of illness and duration of monotherapy. The positive correlation between age of patients on PhB monotherapy and the decrease in TAS serum level together with the significant rise of MDA level with the duration of illness and duration of therapy can not be regarded as conclusive. It needs further assessment and support by future studies, owing to the small number of patients in the PhB group. This small number can be attributed to the shift of treatment in favour of using CBZ or VPA rather than PhB in our locality. To our knowledge, this is the first study that involves measurement of serum level of both MDA and TAS in epileptic patients on different antiepileptic monotherapy (CBZ, VPA and PhB) in comparison with the control subject, taking age of patients, duration of illness and duration of therapy in consideration.
In conclusion: Epileptic patients on CBZ, VPA or PhB monotherapy had elevated lipid peroxidation as reflected by a significant increase in serum level of MDA and a significant decrease in serum level of TAS, which might reflect a great impact on oxidative and antioxidant status.
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